Summary
Introduction

23
Much of the deformation at tectonic plate boundaries is focused within zones of relative weakness, 
30
The details of how different scale roughness or fault topography influences the dynamics of 31 earthquakes and fault mechanics is not entirely understood. At the scale of laboratory experiments 32 (millimeter to decimeter scale), the static coefficient of friction is suggested to be independent of 33 roughness if normal stresses are high (Byerlee, 1970) . Nevertheless, small scale roughness, i.e.,
The off-fault stress relaxation rates,Ṡ R , were predicted to decrease as a power-law with distance 81 from the fault, y:
where G is the shear modulus, β is a prefactor that controls the total power of the spectrum, k is 83 a constant that depends on fault slip rate, and H is the Hurst exponent which describes the fractal 84 roughness. In the brittle seismogenic crust, off-fault stresses are likely released in form of secondary 85 cracks within the fault's damage zone. Consequently, the resulting seismicity distribution follows 86 a power-law with an exponent that is linearly related to fault roughness assuming that the sur- 
where γ is the power-law exponent of seismicity decay with fault-normal distance.
Experimental data and method
116
We report on five frictional sliding experiments on homogeneous, isotropic Westerly granite sam- order of magnitudes below the roughness of the initial surfaces used in our experiments.
138
We computed two different measures of initial surface roughness: The first measure was the 139 root-mean-square (R rms ) which provides an estimate of the deviation from an average roughness 140 profile:
where p(z) is the roughness profile. The other measure of roughness was computed from the parts of the log-transformed power-spectra indicate self-affine scaling of wavelength and power.
145
This can be quantified by computing the Hurst exponent (H):
where P (λ) is the power at wavelength λ and β is a pre-factor that is related to the absolute vertical 147 topography (Feder, 1988 
196
Here, Y min is the minimum bound, γ is the power-law exponent, n is the number of data points before the experiments.
223
[ 
Initial surface roughness
225
We determined the initial roughness of the three different surface-finishes with mesh-sizes F290,
226
F80, and F60 (see also Table 1 for different experiments and corresponding mesh-sizes). The power- In the following, we will compare the two aforementioned methods to quantify off-fault activity 268 distributions. We start by computing LDDs using constant AE sample sizes of N = 20 events ( Figure   269 5a). Expectedly, this method depicts a plateau in the AE activity close to the fault axis at distances 270 of Y f 0.4-0.7 mm. This is followed by a rapid decrease in AE density at larger distances. We zone and transition into a power-law dominated distribution at increasing fault-normal distances.
327
The convolution of power-law and Gaussian uncertainties changes the parameter estimates of an 328 initial power-law in two different ways: First, it generally leads to a slight overestimate of the 329 power-law exponent due to the faster decay of Gaussian distributions at intermediate distances.
330
This is most pronounced for large power-law exponents. Second, large normal distribution widths 331 systematically increase the roll-off zone and connected minimum cut-offs of the initial power-law.
332
Nevertheless, the depicted distributions highlight that the observed data could be modeled by con-
333
volving power-law with normal distributions. Figure 8 shows the best-fit (minimum KS-distance) 334 distribution exemplified for experiment HR2-LP which has a Gaussian-width of σ ≈ 2 mm.
335
[ Figure 8 about here.]
336
We systematically tested the connection between the observed parameter estimates Y min , γ and with AE location errors (σ ≈ 1.7 mm) estimated for known sensor locations that were used as active 345 sources.
346
Assuming that the width of the Gaussian remains constant for all experiments, which is sup-347 ported by constant array sensitivity, we could also test the influence of the normal distribution 348 on the observed power-law exponents ( Figure 9a ). As previously noted, the observed power-law 349 exponent (γ) was slightly higher than the true power-law exponent (γ * ) due to the presence of is slightly larger for higher exponents whereas small exponents are less influenced by the Gaussian 353 uncertainty and consequently deviate less from the true value. In the following, we will use the 354 value of the power-law exponent corrected for Gaussian uncertainty of hypocenter locations (see Table 2 for both γ and γ * ).
between 0.11-0.64. This supports that a power-law is a valid hypothesis for the observed distribu- fall-off studies.
369
Roughness and off-fault AE distributions
371
We now test the initial hypothesis that seismic off-fault activity is connected to the fractal roughness 372 of a slip surface. Figure 10 shows the off-fault activity exponents as function of Hurst exponent.
373
The smooth fault is connected to a higher γ value while the Hurst exponent is substantially lower, Table 2 . Moreover, the AE events at the farthest distance from the fault axis are likely associated with small-428 scale sample heterogeneities that radiate seismic energy at locally-high stresses. This is especially 429 visible for smooth faults with comparably localized AE activity, e.g., LR1-LP which produced AE 430 activity that was higher than predicted from a power-law at large distances to the slip surface. For 431 rougher faults, finite sample sizes may additionally influence the distribution at large distances
432
(Y f 20 mm).
433
We tested a proposed theoretical model that suggests a linear relation between fractal roughness 434 and off-fault activity decay exponent, implying that rougher faults exhibit increased spatial extents stresses with fault-normal-distance in 3-D is consistent with the inference that stress should decay
where c g is the geometric dimension (see e.g. Mandelbrot, 1982; Turcotte, 1997). The connection between roughness and fault stresses, and the resulting seismic event distribu- activity. Analogous to observations of natural seismicity, the seismic off-fault activity in our labo-506 ratory experiments can be described by a power-law. We show that the corresponding exponent is 507 related to roughness so that γ = 3 − H, where H is the Hurst exponent.
508
We conducted a second set of experiments at constant roughness revealing an approximately 
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